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Abstract

The structural changes of Hen Egg White Lysozyme (HEWL) in the intermediate stages leading
up to Hofmeister anion-induced aggregation were measured using small-angle x-ray Scattering
(SAXS). We used three concentrations of HEWL: 10mg/ml, 60mg/ml and 200mg/ml and two
concentrations of salts: 0.1M and 1.0M, mostly in a Tris-buffer solution with a pH of 9.0. For
200mg/ml in Di-water solution, the scattering signal was best fit using an ellipsoidal form factor
with equatorial radius of 28.4±0.1 Å and polar radius of 11.3±0.1 Å, and a screened Coulomb
repulsive structure factor with an effective radius of 19.9±0.1 Å and protein surface charge of
6.9±0.2 times the charge of an electron (e). At 10mg/ml and 60mg/ml, the interaction between
HEWL was negligible and data were fitted using spherical and ellipsoidal form factor respectively.
We observe a partial pattern of increase in the radius of HEWL at 10mg/ml with both 0.1M and
1.0M Hofmeister sodium salts (SO42-, F-, Cl-, Br-, NO3-, I-, SCN-) as we add salts from left to right
in the series. The variation of the polar radius of HEWL at 60mg/ml with 0.1M of various
Hofmeister sodium salts shows an elongation of the protein as we go from left to right in the
Hofmeister series. The results for 10mg/ml and 60mg/ml show that each salt type has different
effect on the solution-state structure of HEWL, notably a symmetric to an asymmetric shape
transition, which partially follows the Hofmeister series.

v

Table of Contents
Acknowledgements ........................................................................................................................ iv
Abstract ........................................................................................................................................... v
List of Figures ................................................................................................................................ ix
List of Tables ................................................................................................................................. xi
Introduction ..................................................................................................................................... 1

2

1.1

Protein Folding and Misfolding ....................................................................................... 1

1.2

Hofmeister Series ............................................................................................................. 2

1.3

Direct and Inverse Hofmeister series and a possible explanation .................................... 3

1.4

Current Project ................................................................................................................. 4

Small Angle X-ray Scattering(SAXS) ..................................................................................... 6
2.1

Introduction ...................................................................................................................... 6

2.2

SAXS instrumentation...................................................................................................... 7

2.2.1

X-ray Source ............................................................................................................. 7

2.2.2

The collimation system ............................................................................................. 8

2.2.3

The sample holder ................................................................................................... 10

2.2.4

The beam stop ......................................................................................................... 11

2.2.5

The detector ............................................................................................................ 11

2.3

SAXS Theory ................................................................................................................. 12

2.3.1

Physical meaning of Form Factor P(q) and Structure Factor S(q) .......................... 14

vi

3

4

Experimental Method ............................................................................................................ 15
3.1

System control and data acquisition software ................................................................ 16

3.2

Data processing and analysis software ........................................................................... 16

3.3

Materials ......................................................................................................................... 17

3.4

Sample preparation ......................................................................................................... 17

3.5

Sample Measurement ..................................................................................................... 18

3.6

Data reduction using Foxtrot .......................................................................................... 19

3.7

Data Fitting..................................................................................................................... 20

Results ................................................................................................................................... 21
4.1

HEWL at 200mg/ml ....................................................................................................... 23

4.2

HEWL at 10mg/ml ......................................................................................................... 24

4.2.1

HEWL at 10mg/ml with 0.1M salts ........................................................................ 24

4.2.2

HEWL at 10mg/ml with 1.0M salts ........................................................................ 25

4.3

5

HEWL at 60mg/ml ......................................................................................................... 26

4.3.1

HEWL at 60mg/ml with 0.1M salts ........................................................................ 27

4.3.2

HEWL at 60mg/ml with 1.0M salts ........................................................................ 28

Discussion and conclusion..................................................................................................... 30
5.1

HEWL at 200mg/ml ....................................................................................................... 30

5.2

HEWL at 10mg/ml ......................................................................................................... 31

5.2.1

HEWL at 10mg/ml with 0.1M salts ........................................................................ 31
vii

5.2.2
5.3

HEWL at 10mg/ml with 1.0M salts ........................................................................ 32

HEWL at 60mg/ml ......................................................................................................... 33

5.3.1

Low concentration of salts (0.1M) .......................................................................... 34

5.3.2

High concentration of salts (1.0M) ......................................................................... 34

5.4

Conclusion...................................................................................................................... 36

5.5

Possible theoretical explanation of experimental results: .............................................. 38

5.6

Insights for Future studies. ............................................................................................. 38

References ..................................................................................................................................... 40
6

7

Appendix ............................................................................................................................... 45
6.1

Appendix A: Process of data reduction by Foxtrot ........................................................ 45

6.2

Appendix B: Process of Data Reduction by Manditplot ................................................ 45

Vita ........................................................................................................................................ 47

viii

List of Figures
Figure 1. Direct Hofmeister series in which the members of salts to the left induce aggregation
more than the members of series to the right. ................................................................................. 2
Figure 2. Small angle X-ray Scattering instrumental arrangement ................................................ 7
Figure 3. GeniX 3D Cu High Flux ................................................................................................. 8
Figure 4. Bragg’s Law ................................................................................................................... 9
Figure 5. Schematic diagram of the hybrid slit-equipped SAXS instrument used in the
experiments. .................................................................................................................................. 10
Figure 6. Sample holder in NICE2 lab. The right is the regular sample holder and the left is the inhouse sample holder for temperature dependent measurements................................................... 10
Figure 7. Dectris Pilatus 3R 200-A .............................................................................................. 12
Figure 8. Xeuss 2.0 ...................................................................................................................... 15
Figure 9. Steps of data processing and analyzing ........................................................................ 16
Figure 10. Variation of scattering intensity vs scattering vector and range of information covered
....................................................................................................................................................... 21
Figure 11. scattering intensity of reduced data for 10mg/ml, 60mg/ml and 200mg/ml as a function
of scattering angle(q). ................................................................................................................... 22
Figure 12. The variation of scattering intensity with scattering vector for 200mg/ml HEWL. The
right figure shows the splitting of scattering vector into two components: elliptical form
factor(green curve) and Hayter mean spherical approximation structure factor(blue curve). ...... 23
Figure 13. Difference in scattering pattern of 10mg/ml HEWL at two different salt concentrations:
0.1M (left) and 1.0M (right) ......................................................................................................... 24

ix

Figure 14. The variation of scattering intensity with scattering vector for 10mg/ml HEWL with
0.1M Na2SO4(left) and NaSCN(right). ......................................................................................... 25
Figure 15. Variation of scattering pattern of HEWL at 10/mg with 0.1M Na2SO4(left) and
NaSCN(right) ................................................................................................................................ 26
Figure 16. The variation of scattering intensity with scattering vector for 60mg/ml with
Hofmeister salts at 0.1M(left) and 1.0M(right). ........................................................................... 26
Figure 17. The variation of scattering intensity with scattering vector for 60mg/ml with the residue
0.1M Na2S04 (left) and NaSCN (right). ........................................................................................ 27
Figure 18. The variation of scattering intensity with scattering vector for 60mg/ml with Na2SO4
(left) and NaSCN (right) at 500C. ................................................................................................. 28
Figure 19: Figure showing the splitting of total scattering into elliptical form factor (P(q)) and
Hayter Mean Structure Factor (S(q)). ........................................................................................... 30
Figure 20. The variation in the radius of HEWL at 10mg/ml with Di Water and different
Hofmeister salts. ........................................................................................................................... 32
Figure 21. Variation of radius of HEWL with different Hofmeister salts at 0.1M. ..................... 33
Figure 22. The variation in the radius of HEWL at 60mg/ml with 0.1M Hofmeister salts. ........ 34
Figure 23. Variation of polar and equatorial radius of HEWL at 60mg/ml with 1.0M Hofmeister
salts. .............................................................................................................................................. 35

x

List of Tables

Table 1. Variation in shape and size of HEWL aggregates for HEWL at 60mg/ml with different
1.0M Hofmeister salts at 500C. ..................................................................................................... 35

xi

1
1.1

Introduction

Protein Folding and Misfolding

Biomacromolecules interact with each other by means of different forces including electrostatics,
hydrogen bonds, Van der Waals interactions, and surface tension. These inter-molecular forces act
in such a way that living systems form a complete functional structure from its complex
components. Achieving a detailed understanding of the mechanisms in many complex biochemical
processes continues to be a challenge. One example of such a process is the three-dimensional
folding and unfolding of proteins into different shapes [1].
Proteins are macromolecules that regulate most biochemical processes in living systems. For
instance, a protein may act as an antibody which binds to specific foreign particles, such as viruses
and bacteria to help prevent the development of disease.
Only correctly folded proteins can carry out biological processes[2]. To avoid incomplete folding
or mis-folding of proteins, living organisms have developed a variety of tactics[3, 4]. There are
various classes of folding catalysts that help proteins fold. For example, molecular chaperones
and protein disulfide isomerase help avoid mis-folding of newly synthesized proteins in both
normal and stress circumstances such as high pH, temperature, ionic concentrations [5]. Misfolding and aggregation normally occur due to reduced efficiency or malfunction of these folding
catalysts. This may explain the reason why neurodegenerative diseases such as Alzheimer’s,
Creutzfeldt-Jakob and Parkinson’s which are associated with protein or peptide aggregation
phenomena are related with old age [4-7]. In a bulk solution, protein aggregation depends on
various conditions such as temperature, ionic concentration, pH of the solution, type of ions and
many other physiological conditions. The details of factors affecting protein solubility are
discussed in a physical review by Eva Y. Chi [8].
1

1.2

Hofmeister Series

In the 1870s, Hofmeister studied the effect of different salts on the aggregation of proteins and
several colloids [9]. He organized a series of ions depending on their effectiveness to aggregate
proteins. In the following series, anions to the left induce aggregation more than members to the
right:
HPO43-> SO42-> F-> Cl-> Br-> NO3-> I-> CLO4-> SCN-

Figure 1. Direct Hofmeister series in which the members of salts to the left induce aggregation more than
the members of series to the right.

For cations the series is as follows:
Na+> K+ > Li+ > Ba++ > Rb+ > Ca++> Ni++ > Co++> Mg++ > Fe++ > Zn++ > Cs+ > Mn++> Al+++ >
Fe+++, Cr+++> H+
The Hofmeister effect is more pronounced for anions than cations.[10] The ions in the series can
be divided into two groups: the ions to the left of Cl are called kosmotropes and the ions to the
right of Cl is called chaotropes. The name was originally given due to their ability to change the
hydrogen bonding of water, kosmotropes are water “structure making” and chaotropes are water
“structure breaking” [11]. A recent review discusses how the presence of ions have measurable
influence on local water structure, but highlights disagreements regarding the influence on bulk
water structure[12]. The specificity with which ions interact with proteins depends on a complex
interplay of interactions between protein amino acids with water and with ions, water-water
2

interactions, and water-ion interactions. Thus, in the Hofmeister effect, some ions may have more
direct interaction with macromolecules compared to other ions in the series. [13]

1.3

Direct and Inverse Hofmeister series and a possible explanation

It has been known for over a century that protein solubility below the isoelectric point follows
direct Hofmeister series at high salt concentration and inverse Hofmeister series at low salt
concentration. Classical theories of electrolyte in colloidal interactions such as Debye-Huckel
model and Derjaguin-Landiu-Verwey-Overbeek (DLVO) are unable to explain this ion-specific
effect[9, 14]. Developing an integrated molecular-level theory to explain the reversal effect of
Hofmeister salts continues to be a challenge. Since the 1950’s, researchers have bee are trying to
understand the Hofmeister behavior of ions on the basis of ion-protein interactions and ion-ion
interactions. Some work describes the interaction of ions with the backbones of proteins[15-17]
and also with the charged functional groups, and these are considered to the primary causes for the
direct and reversal of the Hofmeister series[18, 19]. Some descriptions which have shown success
predict the correlation of Hofmeister series with hydration, ionic sizes and dispersion forces[20].
Zhang and Cremer [21] used temperature gradient microfluidics to study the influence of
Hofmeister anions in the cloud point temperature and observed that the aggregation pattern of
lysozyme follows inverse series at low salt concentration and direct series at high salt
concentration. They predicted that the inverse series may result due size and hydration
thermodynamics of anions and direct series due to polarizability of the anions.
Bostrom et al[22] explained the possible origin of reversal of series by using modified PoissonBoltzmann equation with consideration of ions size and polarizability. They assumed that the key

3

factor for inverse and direct series are the entropic term due to anions and cations respectively. At
low salt concentrations, due to ion-surface dispersion forces, polarizable anions are adsorbed by
the surface of the protein which helps screen the protein surface charge and thus reduces the surface
force to give an inverse Hofmeister series. At high salt concentrations, due to more adsorption of
anions there is a change in surface charge of protein from positive to negative resulting absorption
of cations which gives raise to inverse Hofmeister series.
Schwierz et al[23] used explicit-solvent atomistic molecular dynamics simulations to understand
the molecular-level mechanism of reversal of the Hofmeister series. They concluded that the
inverse and direct series is due to the transitory behavior of surface polarity and charge. They
observed inverse series at negative polar or positive nonpolar surfaces and direct at negative
hydrophobic or positive polar surfaces. A recent study shows a reverse in the sign of
electrophoretic mobility measurements on lysozyme solution with the addition of salts, which is
coherent with theoretical study [20].

1.4

Current Project

Lysozyme has been used as a model globular protein in many studies related to the Hofmeister
series. Hen egg white lysozyme and seven different sodium salts (SO42-, F-, Cl-, Br-, NO3-, I-, SCN) were used in the new work presented here. This thesis focuses on determining the shape, size,
and nature of interaction between the protein molecules in solution at low (0.1M-0.5M) and high
(>0.5M) salt concentration of various sodium salts using a series of small-angle x-ray scattering
(SAXS) experiments. SAXS is increasingly being used to characterize the structure and
interactions of biological macromolecules and their complexes in solutions. The variation in shape

4

of lysozyme is studied in both low and high concentration of salts. Our experimental data show
some relation between the shape of protein and Hofmeister series. The new findings will be useful
for researchers working to develop a more definitive theory to explain the molecular origin of the
Hofmeister series.
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2
2.1

Small Angle X-ray Scattering(SAXS)

Introduction

SAXS is a useful technique to determine the average size and shape of nanosized particle systems.
In SAXS, x-ray are scattered elastically by the electrons of molecules and the low-angle scattered
intensity is measured as a function of scattered angle[24]. In the case of elastic scattering, there is
no transfer of energy between the incident and scattered photon and hence there is no wavelength
difference as in Compton scattering. Elastic scattering produced by visible light and x-ray are
respectively called Rayleigh scattering and Thomson scattering[25]. When the x-ray strikes bound
electrons, these electrons oscillate and emit radiation at the same frequency as the x-ray. The
scattered waves from neighboring atoms also have the same frequency producing “coherent
scattering”. The constructive interference of these coherent waves at the detector is related to the
information of the structure of particles. We can obtain information of particle morphology by
analyzing the angle-dependent intensity of the scattering pattern. Depending upon the angular
range SAXS can resolve the particle of size from 1nm to 150nm and can be extended on both sides
by using Ultra Small Angle X-ray Scattering (USAXS) and Wide-Angle X-ray Scattering
(WAXS). Like electron microscopy, X-ray scattering makes use of the variation of a sample’s
electron density to generate contrast. Both techniques provide complementary information;
however, the former yields real space images while the latter provides reciprocal space data[26].
As “reciprocal” implies, a spatial variation of electron density at nanometer length scales (larger
distance) will scatter an X-ray beam to low angles while variations at the atomic scale will scatter
to high angles. SAXS therefore is a technique to study material structures at large dimensions, or
small angles. Conversely, wide angle X-ray scattering (WAXS) is used to measure the scattering
intensity at large angles, or small dimensions.

6

2.2

SAXS instrumentation

A schematic diagram of the SAXS setup used in this work is shown in Figure 2. [27]. All SAXS
instruments contain an X-ray source, a collimation system, a sample holder, a beam stop and a
detector. The Cu x-ray source and optics produce a low-divergence, monochromatic beam,
collimation is used to make beam parallel, and the beam stop protects the detector from the high
intensity flux of unscattered x-rays and the detector records the scattering intensity.

Figure 2. Small angle X-ray Scattering instrumental arrangement

2.2.1 X-ray Source
A typical x-ray source for SAXS is a sealed x-ray tube, a rotating anode or a microfocus x-ray
source. When higher photon flux or different wavelength is needed, synchrotron facilities are used.
Modern SAXS instruments often use a microfocus x-ray source. In our lab we use a special type
of microfocus source “GeniX 3D Cu High Flux”[28]. The X-ray source is copper with a
wavelength of 1.5419 Å (8.04 keV). In this source, electrons are focused in a small spot of 40 µm
on the anode which produces a narrow beam of divergence near 6mrad. The system power
consumption is 30 Watts with a 50 kV, 0.6 mA source.

7

Figure 3. GeniX 3D Cu High Flux

2.2.2 The collimation system
A collimation system is required in SAXS to control beam size and the divergence of incoming
beam. It is difficult to make a distinction between the relatively low scattering intensity from
sample and high intensity from direct beam if the divergence high. Either slits or pinholes
collimation system is used in SAXS. The X-rays that are produced by source are generally not
monochromatic. Multilayer optics is used to make the X-ray beam monochromatic and nondivergent. These optics diffract X-rays of only one particular wavelength λ according to Bragg’s
law[29]. Bragg’s law gives a relationship between the angles θ at which an X-ray of wavelength
λ must fall on a crystal planes with separation d in order to get a constructive interference of
scattered waves. Bragg’s law is expressed as 2𝑑𝑠𝑖𝑛𝜃 = 𝑛𝜆 , where n is an integer.

8

Figure 4. Bragg’s Law

There are normally two types of SAXS instrument depending upon the collimation system: pointcollimation and line-collimation. Point-collimation instruments have pinholes that shape the beam
to a small circular or elliptical spot. Only a small spot of the sample is illuminated. The beam area
in the sample is normally 0.3×0.3mm2. The line-collimation instruments confine the beam only in
one dimension, so that the beam profile is a long but narrow line. The illuminated sample volume
is much larger than in point collimation (about 50 to 100 times) and the scattered intensity (at the
same flux density) is therefore bigger by the same amount.
In our lab, we use scatterless hybrid metal-single-crystal slit with a large tilt angle which practically
eliminate parasitic scattering from slits[30]. This allow to design SAXS instrument much simpler
using just two slits as shown in figure below.

9

Figure 5. Schematic diagram of the hybrid slit-equipped SAXS instrument used in the experiments.

2.2.3 The sample holder
Sample holder must withstand various environments such as vacuum and change in environment
(pressure, temperature, strain and many others). This wide variation of parameters makes it a
challenge to have a single holder for all samples. Therefore, custom-made holders which are
variants of commercial setups are often necessary (Figure 6).

Figure 6. Sample holder in NICE2 lab. The right is the regular sample holder and the left is the in-house
sample holder for temperature dependent measurements.
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2.2.4 The beam stop
There are some detectors which may be damaged by high x-ray intensities. The strong signal from
beam can overshadow the relatively weak signal from the sample. To avoid this problem, a beam
stop is used. Normally two kind of beam stop are used. One kind consist of dense materials, such
as lead or tungsten, which blocks off the direct beam completely. The other type is made of
transparent materials which attenuate the beam to an intensity level that can be handled safely by
the detector. The advantage of a transparent beam stop is that the intensity of the direct beam is
monitored simultaneously with the sample scattering.
2.2.5 The detector
In SAXS instrument four types of detector are used. These are wire detectors, CCD detectors,
imaging plates and solid-state (or CMOS) detectors. The detector that we use is the type of solidstate detector names Dectris Pilatus 3R 200-A. It is ideal detector for a wide range of x-ray
application with sensitive area of 83.8 mm × 70.0 mm. The pixel size is small 172 µm × 172 µm.
They are inherently free of dark current and readout noise. The detector reads out complete images
within 7ms, allowing shutterless continuous acquisition if necessary[31].
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Figure 7. Dectris Pilatus 3R 200-A

2.3

SAXS Theory

The SAXS technique measures the differential scattering cross-section per unit volume

𝑑Ʃ(𝒒)
𝑑𝛺

,

which is related to the Fourier transform of the electron density distribution of a material. For a
two-phase system consisting of 𝑁𝑝 identical non-interacting particles embedded in a homogeneous
medium contained in a volume V, this quantity is expressed as[32]:
2

𝑁𝑝 |∫ ∆𝜌(𝒓)𝑒 −𝑖𝑞𝑟 𝑑𝑟|
𝑑Ʃ(𝒒)
−1
(𝑐𝑚 ) =
= 𝑛𝑝 𝑃(𝒒)
𝑑𝛺
𝑉
The vector q is the difference between the incoming and scattered wave vectors, ki and kf
respectively, each having a value

2𝜋
𝜆

𝑘̂ (λ is the x-ray wavelength). The magnitude of q is related

to the angle of scattering(2θ) with respect to the incident beam [33] by the relation: 𝑞 =

12

4𝜋𝑠𝑖𝑛𝜃
𝜆

.

The particle number density is 𝑛𝑝 = 𝑁𝑝 /𝑉. The quantity 𝐹(𝒒) = ∫ ∆𝜌(𝒓)𝑒 −𝑖𝑞𝑟 𝑑𝑟, also known as
the form factor amplitude, [34] is the Fourier transform of ∆𝜌(𝒓), and 𝑃(𝒒) = |𝐹(𝒒)|2 is called
the form factor. Here, ∆𝜌(𝒓) = 𝜌(𝒓) − 𝜌′ , where 𝜌(𝒓) and 𝜌′ are the scattering length density
(SLD) at position r and the mean scattering length density of the homogeneous medium,
respectively. For X-rays, the SLD is 𝑟𝑒 𝜌𝑒 (𝒓), where 𝑟𝑒 is the classical electron radius and 𝜌𝑒 (𝒓) is
the electron density at position r.
Within the resolution of the SAXS technique 𝜌(𝒓) is effectively a constant and 𝐹(𝒒) may rewritten
as: 𝐹(𝒒) = ∆𝜌 ∫ 𝑒 −𝑖𝑞𝑟 𝑑𝑟, so that the volume integral describes the shape of a nanoparticle.
When the particles come closer, perhaps due to a concentration increase or an attractive interaction,
their relative interparticle distance may be spatially correlated. In order to account for interparticle
interference effects, each particle 𝑙 located at position 𝑟𝑙 and with corresponding amplitude 𝐹𝑙 (𝒒),
a phase factor 𝑒 −𝑖𝑞𝑟𝑙 must be multiplied to 𝐹𝑙 (𝒒). In this case,

𝑑Ʃ(𝒒)
𝑑𝛺

is described as a sum over all

particles normalized by the number of particles:
2

𝑁𝑝

𝑑Ʃ(𝒒)
1
(𝑐𝑚−1 ) = 𝑛𝑝
|∑ 𝐹𝑙 (𝒒)𝑒 −𝑖𝑞𝑟𝑙 |
𝑑𝛺
𝑁𝑝
𝑙=1

For identical particles the expression may be re-written as:
𝑁𝑝

𝑑Ʃ(𝒒)
1
(𝑐𝑚−1 ) = 𝑛𝑝 𝑃(𝒒) |∑ 𝐹𝑙 (𝒒)𝑒 −𝑖𝑞𝑟𝑙 |
𝑑𝛺
𝑁𝑝

2

𝑙=1
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The right side involving the sum is defined as the structure factor, 𝑆(𝒒) =

1
𝑁𝑝

𝑁

2

𝑝
|∑𝑙=1
𝑒 −𝑖𝑞𝑟𝑙 | , and

describes spatial correlations between particles. For dilute, non-interacting systems 𝑆(𝑞) = 1 and
we recover the original description for non-interacting particles. Thus in the expression,
𝑑Ʃ(𝒒)
𝑑𝛺

= 𝑛𝑝 𝑃(𝑞)𝑆(𝑞),

𝑃(𝑞) describes the nanoparticle shape, and 𝑆(𝑞) describes interparticle interactions.
2.3.1 Physical meaning of Form Factor P(q) and Structure Factor S(q)
The scattering of one particle, which is made of many atoms, can be explained by the interference
pattern of scattering amplitudes from every electron inside a particle which occurs at the detector
plane. The measured intensity at the detector position is the square of these amplitudes that results
in an interference pattern. This pattern oscillates in a fashion that is characteristic for the shape of
the particle which is called form factor. The form factor describes individual particle scattering,
and different particle shapes will give a different form to 𝑃(𝑞).
When particle systems are densely packed, the distances relative to each other come into the same
order of magnitude as the distances inside the particles. The interference pattern will therefore
contain contributions from neighboring particles as well. Structure factor 𝑆(𝑞) takes into account
the interparticle interactions. This is useful in describing the nature of interaction between the
particles.
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3

Experimental Method

The SAXS instrument, Xeuss 2.0 HR SAXS/WAXS system, in NICE2 Lab at The University of
Texas at El Paso was used for taking the scattering measurement.

Figure 8. Xeuss 2.0

One of the main features of Xeuss that is being used in NICE2 lab is a long and changeable sampleto-detector distance which helps us to achieve very low qmin value down 0.025nm-1 in the ultimate
configuration together with high angular resolution. It is equipped with a motorized beamstop and
variable aperture scatterless slits[30]. These components are fully controlled by software for
automatic optimization of flux and resolution, depending on experimental conditions. We can
perform both SAXS and WAXS measurement simultaneously with automatic merging of data. It
is equipped with a unique motorized and entirely software controlled virtual detector mode. 2D
images taken at different detector positions are automatically recombined in order to obtain a large
effective detection.
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3.1

System control and data acquisition software

The Xeuss 2.0 control and data acquisition software interface specfe (based on SPEC from
Certified Scientific Software) enables the complete monitoring of data acquisition parameters.
Auto alignment of the complete beamline, automatic change of collimation, sample stages,
beamstop and detector settings are all available.
3.2

Data processing and analysis software

The data processing and analysis software (Foxtrot and Mantidplot) enable an easy treatment of
2D and 1D data. The software allows easy processing of single or large sets of 2D images, masking,
subtracting and 1D integration in azimuthal or polar coordinates over the complete pattern or on a
predefined region of interest. Data files can easily be exported to most advanced data analysis
software packages such as SasView[35] or ATSAS[36].

Figure 9. Steps of data processing and analyzing
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3.3

Materials

Hen egg white Lysozyme (HEWL) was purchased from Sigma-Aldrich. The abbreviation HEWL
will be used from this point for Hen Egg White Lysozyme. It is a lyophilized powder with a molar
molecular weight of 14.3 kDa (Da is an alternative name of the atomic mass unit, 1Da= 1g/mole).
Deionized(Di) water and Tris Buffer (with pH 9.0) was brought from the department of chemistry,
University of Texas at El Paso. Deionized water is a water that has its ions removed also known
as ultrapure water with electrical resistivity 18.2MΩ. Buffer is an aqueous solution containing a
mixture of weak acid and conjugate base. Its pH does not change with an addition of the same
amount of acid and base. It is mainly used to maintain the pH of solution constant with the wide
variation of solution parameters like ion concentration. Tris buffer is a buffer solution containing
tris(hydroxymethyl)aminomethane. Tris buffer with pH 9.0 is used because this research work is
focused on studying the structure and interaction of HEWL at pH below pI(isoelectric point) and
the isoelectric point of HEWL is 11.35.
Seven different anhydrous Hofmeister Salts Sodium Sulphate (Na2SO4), Sodium Floride (NaF),
Sodium Chloride (NaCl), Sodium Bromide (NaBr), Sodium Nitrate (NaNO3), Sodium Iodide (NaI)
and Sodium Thiocyanide (NaSCN) were also purchased from Sigma- Aldrich. Kapton tube
(polyimide tube), epoxy, microtubes, syringes, weighing machine and pipettor were provided by
Nanomaterials, Interfaces, and Confinement for Energy and the Environment (NICE2) Lab.
3.4

Sample preparation

For SAXS experiment, we need very small amount of sample. For each measurement 10-20µL is
sufficient. But, there is high chance of error in preparing sample in such a low quantity. So, it is
good to prepare the sample in relatively large amount about 200-300µL.
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Protein and salts were weighted by using balance machine which measurement is reliable to
minimum weight of 0.1mg. Water and Tris Buffer were measured using a pipettor, which can
measure minimum of 1µL. All the sample were kept in Kapton tubes and sealed with epoxy.
For the background scattering, two different concentration 0.1M and 1.0M of each seven salts were
prepared using Tris buffer solution. Protein with 10mg/ml concentration were made in water
solution and also in 0.1M tris buffer solution of each Hofmeister salts. 60mg/ml protein solution
were prepared in two different concentration 0.1M and 1.0M tris buffer solution of each salt. And
200mg/ml solution was prepared in pure water.
3.5

Sample Measurement

To get an information about each sample we need to obtain two sets of SAXS measurements. The
first measurement is of a background solution and the second is the measurement of sample with
background, which in our case is water or buffer with salts and protein in water or buffer with salts
respectively. All measurements were done in vacuum with sample-to-detector distance 1200 mm.
Acquisition was set to virtual detector mode and collimation to high flux. The exposure time for
each sample was 1800 seconds.
Data reduction:
Raw data obtained from SAXS should be reduced before it is fitted. Data reduction is done by
using two software Foxtrot and Mantidplot. For full data reduction we need following raw data:
•

Scattering and direct beam of both sample and background.

•

Scattering and direct beam of empty container.

•

Direct beam of empty container.

•

Scattering and direct of glassy carbon.
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To obtain absolute intensity I(Q) from raw sample data we use following equation,
𝐼

𝐼

𝑠𝑎𝑚𝑝𝑙𝑒

𝑏𝑢𝑓𝑓𝑒𝑟

1

𝐼(𝑄)(𝑐𝑚−1 ) = 𝐴. (𝑡𝑟 𝑠𝑎𝑚𝑝𝑙𝑒×𝑡 − 𝑡𝑟 𝑏𝑢𝑓𝑓𝑒𝑟×𝑡) 𝑑

(3.1)

Where, A is the absolute Intensity calibration which is a scaling factor obtained by
matching the original glassy carbon intensity with the glassy carbon intensity obtained
from the SAXS instrument, Isample is the raw intensity of sample, Ibuffer is the raw intensity
of buffer, trsample is the transmission of sample, trbuffer is the transmission of the buffer, t is
the exposure time and d is the sample thickness.
The transmission of sample or buffer is defined as,
𝑇=

𝐼𝑠
= 𝑒 −µ𝑑
𝐼0

(3.2)

Here, 𝐼𝑜 is the incident intensity of X-ray, 𝐼𝑠 is the scattered intensity and µ is the linear
attenuation coefficient and d is the thickness if sample.

3.6

Data reduction using Foxtrot

Foxtrot is used to find the transmission of sample and buffer, and to convert 2D raw data produced
by instrument to 1D raw data. It can also be used to fully reduce 1D raw data, but MantidPlot is
preferred to perform this operation. This is because Foxtrot is a manual software whereas
MantidPlot uses python script which streamlines the data reduction process significantly. Data
reduction using MantidPlot
MantidPlot is used to completely reduce the 1D raw data obtained from Foxtrot. The function like
absolute scaling calibration, normalizing the raw data by transmission and time are done by using
python script. In general, it will perform all the mathematical operation of equation 3.1.
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3.7

Data Fitting

SASView is used for structural model fitting to the data. SASView is an open source data analysis
software developed for data small angle scattering data. For our research, the reduced data is fitted
using the combination of form factor (P(q)) and structure factor (S(q)). There exists different
possible option for both form factor and structure factor. In addition to this, if our data is not fitted
with the provided models we can customize our own model.
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4

Results

The scattering vector(q) has a unit of inverse distance. This means, low q region will give an
information of larger dimensions whereas high q region will give an information of small
dimensions. We can have a general idea about the information that we get from intensity curve by
observing the graph below.

Figure 10. Variation of scattering intensity vs scattering vector and range of information covered .

The objectives of our research were to obtain the information about the HEWL morphology, shape
and size and nature of the interaction between HEWL molecules at the different concentration of
protein and also at low and high concentration of Hofmeister Salts. And to relate the experimental
results with the theoretical description of the possible origin of direct and inverse Hofmeister
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series. We used three concentration of protein 10mg/ml, 60mg/ml and 200mg/ml. For salts
concentrations, 01.M was used for low concentration and 1.0M was used for high concentration.

Figure 11. scattering intensity of reduced data for 10mg/ml, 60mg/ml and 200mg/ml as a function of
scattering angle (q).

The diagram above shows the scattering pattern for 10mg/ml, 60mg/ml (at 01.M NaSCN salt) and
200mg/ml protein solution. The scattering curve for 200mg/ml vary significantly from that of
10mg/ml and 60mg/ml. The broad peak that we observe in 200mg/ml may indicate that there exists
interaction potential between HEWL molecules. Scattering pattern of 10mg/ml and 60mg/ml are
similar to each other with no peaks. We can assume that there is negligible force of interaction
between HEWL at these concentrations.
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At all the concentrations, the scattering intensity at higher q is almost similar whereas we spot
variation at low q region. From this we can assume that the primary and secondary structure of
HEWL is unaltered by the variation of concentration whereas the morphology is altered.
We were able to find the morphology of HEWL at all above three concentrations of protein. We
didn’t observe any interaction between the Lysozyme at 10mg/ml and 60mg/ml. But at 200mg/ml
we observe screen coulomb repulsive force. There was an aggregation of Lysozyme at 60mg/ml
with some salts at 1.0M concentration and also were able to determine the shape and size of
aggregation.
4.1

HEWL at 200mg/ml

Figure 12. The variation of scattering intensity with scattering vector for 200mg/ml HEWL. The right
figure shows the splitting of scattering vector into two components: elliptical form factor (green curve) and
Hayter mean spherical approximation structure factor (blue curve).

SAXS measurement of 200mg/ml at Di water were measured. The scattering curve of 200mg/ml
is shown in figure above. The reduced data were fitted using the combination of spherical form
factor and screened coulomb repulsive structure factor. The get an idea about the nature of curve
representing the elliptical form factor and screened coulomb repulsive structure factor, the
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scattering curve is resolved into two curves. In the right figure, the green curve represents elliptical
form factor and the blue curve represent screened coulomb repulsive structure factor. And the red
curve is the combination of these two curves.
4.2

HEWL at 10mg/ml

SAXS measurements were carried out at 10mg/ml in Di water and with seven different Hofmeister
salts. Two concentrations of salts 0.1M and 1.0M were used. The figure below shows the variation
of scattering intensity of HEWL at 10mg/ml with 0.1M and 1.0M Hofmeister salts respectively.

Figure 13. Difference in scattering pattern of 10mg/ml HEWL at two different salt concentrations: 0.1M
(left) and 1.0M (right)

4.2.1 HEWL at 10mg/ml with 0.1M salts
To observe the phenomenon of inverse Hofmeister series we need low concentration of
salts(<0.5M). This is the reason why we choose 0.1M concentration for our experiment. Figure
below shows the scattering intensity of two different HEWL solution at 0.1M Na2SO4(left) and
NaSCN(right). There is barely any notable difference between two scattering patterns. This is why
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all of our scattering intensity were fitted using only spherical form factor without inclusion of
structure factor.

Figure 14. The variation of scattering intensity with scattering vector for 10mg/ml HEWL with 0.1M
Na2SO4 (left) and NaSCN (right).

4.2.2 HEWL at 10mg/ml with 1.0M salts
To observe the direct Hofmeister series, a high salt concentrated solution is required. For this
reason, 1.0M concentration of salt solutions were used. Figure below shows a variation of
scattering vector with a scattering intensity of HEWL at 10mg/ml with 1.0M Na2SO4 (left) and
NaSCN (right). For these experimental data we again used an spherical form factor for best fitting
the data.
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Figure 15. Variation of scattering pattern of HEWL at 10/mg with 0.1M Na2SO4(left) and NaSCN(right)

4.3

HEWL at 60mg/ml

Figure 16. The variation of scattering intensity with scattering vector for 60mg/ml with Hofmeister salts at
0.1M (left) and 1.0M (right).

We did SAXS experiments at 60mg/ml with two different salts concentration low (0.1M) and high
(1.0M). The reason beyond two choices of concentration of salts is same as for 10mg/ml. The
variation of scattering pattern with two different concentration of salts is shown above.
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The variation of scattering intensity with scattering vector of 60mg/ml HEWL with 0.1M different
Hofmeister salts have a similar scattering patterns. But, for 1.0M Hofmeister salts we see a
noteworthy change in scattering at low q region. We will discuss each of the case individually.
4.3.1 HEWL at 60mg/ml with 0.1M salts

Figure 17. The variation of scattering intensity with scattering vector for 60mg/ml with the residue 0.1M
Na2S04 (left) and NaSCN (right).

At low concentration of salt, HEWL molecules are elliptical in shape. The figures below are the
scattering curves of HEWL at 0.1M Na2SO4 (left) and NaSCN (right) with their respective
residues.
The scattering intensity curve doesn’t have a significant peak, which indicates that the interaction
between HEWL is negligible at this condition. All of our HEWL were fitted using elliptical form
factor.
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4.3.2

HEWL at 60mg/ml with 1.0M salts

Figure 18. The variation of scattering intensity with scattering vector for 60mg/ml with Na 2SO4 (left) and
NaSCN (right) at 500C.

At such high concentration of salts, all of the sample with different salts were aggregated. The
solubility of Lysozyme increases with temperature. So, the temperature of our samples was raised
to 500C. We did get a clear solution at this temperature but to keep this temperature throughout the
process from loading the sample into Kapton tube and then to sample holder was difficult. So,
some of our sample are in aggregated form. The scattering pattern for HEWL with first two salts
(Na2SO4 and NaF) is similar to that of 0.1M salts. But, for other salts, we witness a change in the
lower q region. The sharp increase in the intensity at lower q region for these salts is a hint that
there is an aggregation of HEWL molecules. Figure 18 shows the variation of scattering intensity
with scattering vector of HEWL with 60mg/ml at 1.0M Na2SO4 (left) and NaSCN (right).
HEWL solutions with first two Hofmeister salts were fitted using elliptical form factor. But, for
all other HEWL solutions data were fitted using a customized model with a combination of
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spherical and elliptical form factor. Aggregated HEWL were best fitted using both spherical and
elliptical where the unaggregated were all elliptical.
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5
5.1

Discussion and conclusion

HEWL at 200mg/ml

HEWL at this concentration is best described to be elliptical in shape with an equatorial radius of
28.4 Å and polar radius of 11.3 Å. There is a screened coulomb force of interaction with an
effective radius of 24.62 Å.

Figure 19: Figure showing the splitting of total scattering into elliptical form factor (P(q)) and
Hayter Mean Structure Factor (S(q)).
Hayter MSA structure factor is used to describe the interaction between the HEWL molecules. It
is a structural model developed by Hayter and Penfold[37, 38]. The expression for screened
coulomb interaction potential is given by[39],
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𝑘 (𝑟−2𝑅)
𝑍2𝑒 2
− 𝐷
𝑟
𝑈𝑆𝐶 (𝑟) =
𝑒
𝜖(1 + 𝑘𝐷 )2

=∞

𝑓𝑜𝑟 𝑟 ≫ 2𝑅

𝑓𝑜𝑟 𝑟 ≤ 2𝑅

Where Z is the charge of protein distributed uniformly on the surface, e is the charge of an electron,
ϵ is the dielectric constant, R is the effective radius and 𝑘𝐷 is the Debye Screening length.
5.2

HEWL at 10mg/ml

HEWL molecules at this concentration are best described using spherical form factor without
inclusion of structure factor. This was expected because at such a low concentration of HEWL
solution, the Lysozyme molecules barely interaction with each other.
5.2.1 HEWL at 10mg/ml with 0.1M salts
At this concentration, HEWL molecules are best described by a spherical form factor with the
radius ranging from 17.5 Å to 19.7 Å. These results show that at low concentration, there is a
partial pattern of increase in the radius of HEWL molecules as we add salt from left to right of the
Hofmeister series in solutions as shown in the figure below. It’s been known for a long time that
at low concentration of salts, we observe an inverse Hofmeister series. This means that the salts to
the right of the series prefer more aggregation than to the left. From our result, we can conclude
that the increase in radius HEWL increases the chance of aggregation.
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Figure 20. The variation in the radius of HEWL at 10mg/ml with Di Water and different Hofmeister salts.

5.2.2 HEWL at 10mg/ml with 1.0M salts
At this condition, HEWL molecules are again best described by spherical form factor with the
radius ranging from 17.7 Å to 19.9 Å. Figure below shows the variation of radius of HEWL with
different Hofmeister salts.
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Figure 21. Variation of radius of HEWL with different Hofmeister salts at 0.1M.

Due to the high concentration of salts, we expect the result to follow the direct Hofmeister series.
But, our result shows the pattern similar to inverse series even though we are performing our
experiment at high salt concentration(1.0M). It may be due to our choice of HEWL concentration.
This concentration i.e.10mg/ml is so low that even with high concentration of salt we are still
performing the experiment in the domain of inverse series.

5.3

HEWL at 60mg/ml

The concentration of HEWL were increased from 10mg/ml to 60mg/ml in order to see the variation
is structure and interaction potential. For 60mg/ml HEWL solution, the experimental data are fitted
using only form factor without the inclusion of structure factor. This again demonstrate that there
is a negligible force of interaction between HEWL molecules.
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5.3.1 Low concentration of salts (0.1M)
At 60mg/ml with 0.1M salts, the structure of HEWL is elliptical with average polar radius of 35.4
Å and equatorial radius of 15.4 Å. We observe a significance change in the structure of Lysozyme
with addition of different salts. Except for Na2SO4, HEWL in 60mg/ml solution is more elongated
in shape as we add salts from left to right in Hofmeister series. The pattern in the change in
dimension of HEWL in different Hofmeister salts is shown below. From this graph, it can be
concluded that the elongation of HEWL molecules favor aggregation.

Figure 22. The variation in the radius of HEWL at 60mg/ml with 0.1M Hofmeister salts.

5.3.2 High concentration of salts (1.0M)
There is no aggregation for the solution containing first two Hofmeister salts. For these two
samples single elliptical model was sufficient to fit the data. For rest of the sample, HEWL is in
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both aggregate and non-aggregated form. The variation in polar and equatorial radius of nonaggregated elliptical HEWL is shown in figure below.

Figure 23. Variation of polar and equatorial radius of HEWL at 60mg/ml with 1.0M Hofmeister salts.

The aggregated HEWL were modeled as ellipsoids for the solution with NaCl, NaI and NaSCN.
In solutions with NaBr and NaNO3, HEWL was best modeled using a spherical form factor. In
order to compare the size of different aggregated HEWL, we calculate the radius of gyration of the
different aggregates and obtained aggregates in the range of 231 Å to 413Å (see Table 1 below).
Table 1. Variation in shape and size of HEWL aggregates for HEWL at 60mg/ml with different
1.0M Hofmeister salts at 500C.
Salt 1.0M

Ellipsoidal Polar
radius(Å)

Ellipsoidal Equatorial
radius(Å)

NaCl

173

466
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Spherical
Radius(Å)

Radius of
gyration(Å)
413

5.4

NaBr

186

186

NaNO3

231

231

NaI

71

327

285

NaSCN

111

337

298

Conclusion

Misfolding and aggregation are related with different neurodegenerative diseases such as
Alzheimer’s or Parkinson’s. Understanding the mechanism that follows aggregation can be helpful
in explaining the cause of these diseases. Protein aggregation depends upon various physiological
environment such as pH, ionic concentration or ionic types.
This research work includes the study of protein in different salts of Hofmeister series, a series of
anions or cations based on their ability to aggregate protein. Several aspects of the Hofmeister
series still lack agreement between theoretical explanations and experiments. The study of nano
structural changes in protein structure caused by different salts in the intermediate stage leading to
aggregation and the correlation of these structural change with direct and inverse Hofmeister series
can provide some insights to explain the molecular mechanisms of ion induced aggregation.
In this research work, the structure and interaction between proteins in different salt solutions and
in different salt concentrations were studied using Small Angle X-ray Scattering (SAXS). The
tertiary structure of Hen egg white lysozyme (HEWL) in three concentrated solutions 10mg/ml,
60mg/ml and 200mg/ml were determined. For 10mg/ml and 60mg/ml, interactions between
HEWL molecules were negligible whereas for 200mg/ml we observe a screened coulomb
repulsive interaction. The structure of HEWL at 200mg/ml in water is best described by an
ellipsoidal shape with an equatorial radius of 28.4±0.1 Å and polar radius of 11.3±0.1 Å, an
effective interaction radius of 19.9±0.1 Å and charge on the surface of protein to be 6.9±0.2 times
the charge of electron(e). Scattering measurements in all other samples were done using Tris buffer
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as a background solution. Seven different sodium salts with two different concentration 0.1 M and
1.0 M were used. For 10mg/ml HEWL with 0.1M salt concentrations, the structure of HEWL at
10mg/ml are best described by spherical shape with a radius varying from 17.5 Å to 19.7 Å. And
for higher concentration (1.0M), the shape of HEWL was still spherical with a radius ranging from
17.7 Å to 19.9 Å. In both cases, radius of HEWL in salt solution shows a partial increasing pattern
of radius as we go from left to right in the Hofmeister series. For 60mg/ml, we again used both
0.1M and 1.0M salt concentration. For 0.1M concentration, the shape of protein is elliptical with
an average polar radius 35.5 Å and equatorial radius 15.5 Å. In this case, HEWL at different salts
were more elongated in shape as we go from left to right in the series. For 1.0M concentration, our
sample were aggregated at room temperature so we raised the temperature of our solution to 500C
in order to make our protein soluble in salt solution. The fitting of the scattering data shows HEWL
at this condition were in the combination of aggregated and non-aggregated form with an average
size of aggregation ranging from 164 Å to 688 Å.
From this research work, we were able to determine the structural change of protein in the
intermediate stage leading to aggregation induced by Hofmeister salts. The increase in the radius
of HEWL at 10mg/ml with salts from left to right in the Hofmeister series indicates there is more
chance of aggregation with the increase in radius. The elongation in the shape of the HEWL for
60mg/ml at 0.1M concentration shows that elongation occurs as an intermediate step towards
aggregation. The results for 10mg/ml at both low and high salt concentration, and for 60mg/ml at
low salt concentration shows that different salts have different effect in the intermediate structure
of the protein and the structure follows a partial pattern from which we are able to correlate it with
the inverse Hofmeister series.
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5.5

Possible theoretical explanation of experimental results:

Bostrom et al[22] modified Poisson-Boltzmann theory by taking an account of ion polarizabilities
and ion sizes for explaining the possible origin of reversal of Hofmeister series. The anions to the
left of the Hofmeister series have more polarizability power than that of to the left. According to
the above explanation, at low salt concentrations, screening of surface charge of protein due to the
adsorption of more polarizable anions induced by dispersion force between ion and protein surface
give the inverse series. The adsorption of more polarizable anions at high salt concentrations cause
the reversal of surface charge. And due to this, there is adsorption of cations on the surface of
protein which gives direct series.
From the experimental results for 10mg/ml (for both 0.1M and 1.0M), we obtain a partial pattern
of increase in the radius of HEWL molecules in a solution with Hofmeister salts from left to right
in the series. This can be explained by considering that the interaction of more polarizable ions
with protein surface will cause the protein surface to expand which leads to increase in a radius of
HEWL which gives an inverse Hofmeister series. For 60mg/ml with 0.1M salts, the shape of the
HEWL was more unsymmetrical at the solutions with later salts of series. The interaction of more
polarizability ions with HEWL surface contribute to elongate which again gives an inverse series.

5.6

Insights for Future studies.

HEWL at 10mg/ml with the anions at the middle of series (Cl- and Br -) shows a decrease in the
value for the radius. This result is something new and unexpected. Further experimental evidence
with varying protein and salt concentration can help in explaining this result. A correlation between
the structure of HEWL at high salt concentration and direct Hofmeister series was not observed.
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This may be due to the difficulty to maintain an experimental condition to constant high
temperature (500C) throughout the process of sample preparation to loading the sample to Kapton
tube and then to sample holder. Finding out the way to maintain constant high temperature
throughout the experiment at which all HEWL solution are soluble even in high concentration of
salts will help to connect the structure change with the direct Hofmeister series.
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6
6.1

Appendix

Appendix A: Process of data reduction by Foxtrot

The following steps are used to reduce data from Foxtrot:
•

Open Foxtrat icon and go to files to load required “.edf ” files on foxtrot.

•

To find direct beam integrated values
Select direct beam ‘.edf’ file ≫ click rectangular ROI mode and make a rectangle around
the centre ≫ go to operation and perform integral

•

To find the transmission coefficient, copy all the direct beam integrated values and create
a table in a spreadsheet. Transmission coefficient is then obtained by dividing the
integrated value sample or buffer with the integrated values of empty instrument.

•

To convert 2D raw data to 1D raw data:
Select raw ‘.edf’ files ≫ load a mask ( if you don’t have a mask make mask first) ≫ go to
operation and perform circle gathering ≫ go to operation toolbar and click the second last
icon to export all the circular averaged raw ‘.edf’ to ‘.dat’ and save it.

6.2

Appendix B: Process of Data Reduction by Manditplot

The following procedure is used to reduce data using MantidPlot:
•

Create folders for raw ‘.edf’ files produced by the instrument, circular averaged ‘.dat’ files
from Foxtrot, reductionScripts and MantidPlot results.

•

Open Mantidplot icon and load python script as follow:

•

Go to Files ≫ Manage user directories ≫ select python script directory ≫ Enter or browse
to the location of the Xeuss ‘.py’ script files ≫ click Ok
This process needs to be done just once, unless you change the location of your scripts.
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•

To initiate processing Xuess data:
Go to view ≫ Script window(this will open a new script window) ≫ in the new script
window go to files ≫ open ≫ choose the required ‘.py’ files.

•

To execute commands within a script:
Select command ≫ go to Execute ≫ Execute Selection ( for shortcut: CTRL+ Enter, to
execute all CTRL+Shift+Enter )

There are many available Xeuss functions like XuessLoadLogger, XuessLoad, XuessReduce and
so on. Each have its own function.
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